IllllWIllllfllllllllllllll 

(ID EP 1 190 987 A1 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51 ) | nt ci. 7 : C01 B 31/02 

27.03.2002 Bulletin 2002/13 

(21) Application number: 01303763.5 



(22) Date of filing: 25.04.2001 



(84) Designated Contracting States: 


• Lee, Kun-Hong 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Pohang-City, Kyungsanbuk-do (KR) 




MC NL PT SE TR 


• Ryu, Chang-Mo 




Designated Extension States: 


Pohang-City, Kyungsangbuk-do (KR) 




AL LT LV MK RO SI 


• Han, Jong-Hun 






Seocho-Gu, Seoul (KR) 


(30) 


Priority: 22.09.2000 KR 2000055829 


• Yoo, Jae-Eun 






Seongbuk-gu, Seoul (KR) 


(71) 


Applicants: 




• 


lljin Nanotech Co., Ltd. 


(74) Representative: Stuttard, Garry Philip 




Seoul (KR) 


Urqu hart-Dykes & Lord 


• 


Pohang University of Science and Technology 


Tower House 




Foundation 


Merrion Way 




Pohang-City, Kyongsangbuk-do (KR) 


Leeds LS2 8 PA (GB) 


(72) 


Inventors: 




• 


Hong, Eun-Hwa , 2-504 Graduate Sch. Apt 






Narn-gu,Pohang-city, Kyungsangbuk-do (KR) 





(54) Method of synthesizing carbon nanotubes and apparatus used for the same 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(57) A method of synthesizing carbon nanotubes 
and a carbon nanotube synthesizing apparatus used for 
the same are provided. A catalyst is introduced into the 
reactor, and the catalyst in the reactor is selectively and 
locally heated by a heating method such as microwave 
irradiation, electromagnetic inductive heating, radio fre- 



quency heating or laser heating. Here, carbon source 
gas, carbon source gas and hydrogen sulfide gas, or 
carbon source gas and hydrogen gas or inert gas is sup- 
plied into the reactor, thereby growing carbon nano- 
tubes from the locally heated catalyst. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention . s 

[0001] The present invention relates to synthesizing 
carbon nanotubes, and more particularly, to a method 
of synthesizing carbon nanotubes through local heating 
and an apparatus used for the same. io 

2. Description of the Related Art 

[0002] It is known that a carbon nanotube is micro- 
scopically constituted such that a single carbon element 15 
is combined with three neighboring carbon atoms, a 
hexagonal ring is formed by the combination among the 
carbon atoms, and a plane composed of repeated hex- 
agonal rings like a honeycomb is rolled to thereby form 
a cylindrical shape. The carbon nanotube is character- 20 
ized by the diameter being usually several angstroms 
through several tens of nanometers, and the length be- 
ing several tens through several thousands of times 
longer than the diameter. It is known that such a carbon 
nanotube has both metal property and semiconductive 25 
property, thereby having excellent physical and electri- 
cal properties. Accordingly, the carbon nanotube has 
been widely applied to a variety of fields using its con- 
ductivity and/ or sem icon duct ivity. 

[0003] Conventionally, carbon nanotubes are synthe- 30 
sized by a method such as arc discharge method, a la- 
ser evaporation method, a thermal chemical vapor dep- 
osition (CVD) method, a catalytic synthesizing method 
or a plasma synthesizing method. These methods are 
performed at a high temperature of several hundreds 35 
through several thousands of degrees centigrade or un- 
der a vacuum to release the high temperature condition. 
[0004] Moreover, in these conventional methods, an 
entire reactor is heated to meet a reaction temperature 
for synthesizing carbon nanotubes. Here, all substanc- 40 
es such as reactant gases and a catalyst which are sup- 
plied into the reactor are heated. Accordingly, when a 
catalyst is loaded on a support or a substrate the support 
or the substrate should be formed of a heat-resistant 
material which can tolerate a high reaction temperature 
as-described above. In other words, selection of a sup- 
port or a substrate for loading a catalyst is restricted. 

SUMMARY OF THE INVENTION 

50 

[0005] To solve the above problems, it is a first feature 
of the present invention to provide a method of synthe- 
sizing carbon nanotubes, which allows a support or a 
substrate for loading a catalyst not to be heated to a high 
temperature by locally heating the catalyst. 55 
[0006] It is a second feature of the present invention 
to provide a carbon nanotube synthesizing apparatus 
used for performing the above method. 



[0007] Accordingly, to achieve the first feature of the 
invention, there is provided a method of synthesizing 
carbon nanotubes. In the method, a catalyst is intro- 
duced in a reactor, a reactant gas containing a carbon 
source gas is supplied over the catalyst, the catalyst in 
the reactor is locally and selectively healed, and carbon 
nanotubes are grown from the heated catalyst. 
[0008] The local heating of the catalyst can be 
achieved by irradiation of microwaves, electromagnetic 
inductive heating, laser heating or radio frequency heat- 
ing. 

[0009] To achieve the second feature of the invention, 
there is provided an apparatus for synthesizing carbon 
nanotubes. The apparatus includes a reactor for receiv- 
ing a catalyst, a reactant gas supplier for supplying a 
reactant gas containing carbon source gas into the re- 
actor, and a local heater for selectively heating the cat- 
alyst received in the reactor. 

[001 0] The apparatus may also include a catalyst gas 
supplier for supplying the catalyst into the reactor in gas 
phase, 

[0011] The local heater may include a microwave 
generator for generating microwaves, and a microwave 
guide connected to the reactor, the microwave guide 
guiding the microwaves to the reactor. The local heater 
may include a high-frequency coil installed around the 
reactor, and a power supply for applying high-frequency 
current to the high-frequency coil. The local heater may 
include a radio frequency generator installed near the 
reactor. The local heater may include a laser beam gen- 
erator installed near the reactor, and a lens for focusing 
laser beams generated by the laser beam generator. 
[001 2] According to the present invention, carbon na- 
notubes can be synthesized underthe condition of lower 
temperature, that is, in a state where the entire reactor 
is maintained at a low temperature, through local heat- 
ing. Therefore, a substrate or a support for loading a 
catalyst thereon can be formed of polymer material or 
glass. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The above features and advantages of the 
present invention will become more apparent by de- 
scribing in detail a preferred embodiment thereof with 
reference to the attached drawings in which: 

FIG. 1 is a schematic flowchart illustrating a method 
of synthesizing carbon nanotubes according to an 
embodiment of the present invention; 
FIGS. 2 and 3 are schematic cross-sectional views 
illustrating a method of locally heating a catalyst ac- 
cording to the embodiment of the present invention; 
FIGS. 4 and 5 are schematic cross-sectional views 
illustrating the growth of carbon nanotubes accord- 
ing to the embodiment of the present invention; 
FIG. 6 is a schematic diagram illustrating an exam- 
ple of a carbon nanotube synthesizing apparatus 
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having a rnicrowave generator, which is used in the 
embodiment of the present invention; 
FIGS. 7 through 12 are the scanning electron mi- 
croscope (SEM) pictures of carbon nanotubes syn- 
thesized by a method of synthesizing carbon nan- 5 
otubes according to the embodiment of Ihe present 
invention; 

FIG. 13 is a schematic diagram illustrating an ex- 
ample of a carbon nanotube synthesizing appara- 
tus suitable for an inductive heating method used in 
the embodiment of the present invention; 
FIG. 14 is a schematic diagram illustrating an ex- 
ample of a carbon nanotube synthesizing appara- 
tus suitable for a laser heating method used in the 
embodiment of the present invention; and 
FIG. 15 is a schematic diagram illustrating an ex- 
ample of a carbon nanotube synthesizing appara- 
tus suitable for a radio frequency heating method 
used in the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

[0014] Hereinafter, an embodiment of the present in- 
vention will be described in detail with reference to the 
attached drawings. The present invention is not restrict- 
ed to the following embodiments, and many variations 
are possible within the sprit and scope of the present 
invention. The embodiment of the present invention is 
provided in order to more completely explain the present 
invention to anyone skilled in the art. In the drawings, 
the shapes of members are exaggerated for clarity and 
the same reference numerals denote the same mem- 
bers. 

[0015] Referring to FIG. 1 , a method of synthesizing 
carbon nanotubes according to an embodiment of the 
present invention can be performed using a carbon na- 
notube synthesizing apparatus as shown in FIG. 6. The 
carbon nanotube synthesizing apparatus of FIG. 6 is 
suggested as a means for realizing the conception of 
local heating proposed by the embodiment of the 
present invention. 

[0016] Referring to FIGS. 2, 3 and 6, the carbon nan- 
otube synthesizing apparatus of FIG. 6 includes a reac- 
tor 1 00 for receiving a boat 1 50 which loads with catalyst 
powder 135' or a substrate 131 which loads with a cat- 
alyst 1 35. The catalytic powder 135" is manufactured by 
loading a catalyst 135 of FIG. 2 formed of, for example,, 
a transition metal on a support 1 30. The reactor 1 00 can 
be realized as a quartz tube. 

[001 7] The reactor 1 00 is provided with a local heater 
200 for supplying microwaves to locally heat the catalyst 
powder 135', substantially, the catalyst 135. The local 
heater 200 may include a microwave generator 250 for 
generating microwaves and a microwave guide 210 for 
guiding the microwaves to the reactor 100. 
[001 8] In addition, a reactant gas supplier 300 for sup- 
plying a reactant gas used for synthesizing carbon na- 



notubes and a discharger 600 for discharging a gas after 
reaction are installed to the reactor 100. The reactant 
gas supplier 300 may include gas bombes for supplying 
a carbon source gas such as hydrocarbon or hydrogen 
sulfide (H 2 S), or supplying hydrogen gas (H 2 ) or an inert 
gas which can be supplied together with the carbon 
source gas and mass flow controllers (MFCs) and on/ 
off valves 350 which are installed to ducts between the 
gas bombes and the reactor 100 for controlling a gas 
flow rate. A plurality of sets of the bombe, MFC 31 0 and 
the on/off valve 350 may be provided. 
[0019] The catalyst 135 may be supplied in such a 
form of loading a transition metal or the precursor of a 
transition metal on the support 1 30 or the substrate 131, 
as shown in FIGS. 2 and 3, but it may be supplied in gas 
phase at need. When using the precursor of a metal 
such as iron (Fe), nickel (Ni) or cobalt (Co), for example, 
ferrocene (FeC 10 H 10 ) or iron pentacarbonyl (Fe(CO) 5 ) 
as a catalyst supplied in gas phase, such a precursor, 
which mostly exits in a liquid or solid state, needs to be 
vaporized in order to be supplied to the reactor 100. 
[0020] To meet this necessity, a catalytic gas supplier 
400 may be additionally installed to the reactor 1 00. The 
catalytic gas supplier 400 includes a saturator 410 for 
vaporizing a solid or liquid catalyst or a catalyst precur- 
sor, a water bath 430 for accommodating the saturator 
41 0 and a circulator 450 for controlling the temperature 
of water in the water bath 430 and circulating the water. 
A gaseous catalyst generated by the saturator 410 is 
supplied into the reactor 100 via a duct and acts as a 
catalyst in the reactor 100. 

[0021] Here, a four-port 370 is provided at the inter- 
section of the ducts connected to the reactant gas sup- 
plier 300 and the catalytic gas supplier 400, respectively, 
for inducing the flow of a gas. When supplying a catalyst 
in gas phase, a temperature controller 500 may be pro- 
vided for maintaining the catalyst in gas phase. The tem- 
perature controller 500 includes a slidax and a temper- 
ature readout unit. The temperature controller 500 
measures the internal temperature of the reactor 100 
using a thermocouple and the like, reads out the meas- 
ured result and maintains the internal temperature such 
that a catalyst can be injected into the reactor 1 00 in gas 
phase. 

[0022] A method of synthesizing carbon nanotubes 
using such a carbon nanotube synthesizing apparatus 
as described above will be described with reference to 
the flowchart of FIG. 1 . In step 1100, a catalyst 135 of 
FIG. 2 or3 is introduced in the reactor 100, as shown in 
FIG. 6. Here, the catalyst 135 may be manufactured by 
loading a transition metal or the precursor of a transition 
metal on the powder type support 130, as shown in FIG. 
2, or on the substrate 1 31 , as shown in FIG. 3. The cat- 
alyst powder 135' manufactured by loading the catalyst 
135 on the powder type support 130 may be put on the 
boat 150 and the like and introduced in the reactor 100. 
Alternatively, when the catalyst 135 is loaded on the 
substrate 131, the substrate 131 may be introduced in 
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the reactor 1 00. 

[0023] For the catalyst 1 35, a transition metal such as 
iron, nickel or cobalt or a compound containing the tran- 
sition metal, for example, metal sulfide such as cobalt 
sulfide, iron sulfide or nickel sulfide, metal carbide con- 
taining the transition metal, metal oxide, metal nitrate or 
metal sulfate, can be used. Besides, an organic com- 
pound such as cobalt naphtenate containing the transi- 
tion metal described above can be used as the catalyst 
135. 

[0024] The catalyst 1 35 is manufactured by loading 
the precursor of a transition metal containing iron, nickel 
or cobalt on the support 130 of FIG. 2 using an impreg- 
nation method, an incipient wetness method or an ion- 
exchange method. Thus-manufactured catalyst 135 
may be dried and used in the form of the catalyst powder 
135' or may be used after undergoing reduction and cal- 
cination or sulfiding and carbonization to make the cat- 
alyst 135 have a variety properties. 
[0025] The support 130 or the substrate 131 may be 
formed of a material such as silicon oxide (Si0 2 ) or alu- 
minum oxide (Al 2 0 3 ) which is not heated by micro- 
waves. Alternatively, the powder type support 130 
formed of carbon (C) which can be heated by micro- 
waves and the like may be used. The catalyst 135 load- 
ed on the support 130 may be put on the boat 150 of 
FIG. 6 and introduced in the reactor 1 00 in a powder 
state. Alternatively, the catalyst 135 may be loaded on 
the substrate 1 31 using deposition, spraying or painting. 
After the loading, the catalyst 1 35 may be used after be- 
ing just dried or after undergoing reduction and calcina- 
tion or sulfiding and carbonization. 
[0026] A method of loading the catalyst 135 on the 
support 130 will be described below with reference to 
examples. 

Test Example 1 

[0027] Fe of 5 wt% is impregnated into the support 
130 of carbon by dissolving a Fe-precursor such as Fe 
(N0 3 ) 3 9H 2 0 in distilled water. The resultant thing is 
dried at about 110°C for about 24 hours and then re- 
duced at about 500°C for 3 hours in a hydrogen atmos- 
phere, thereby obtaining the catalyst powder 135* of Fe 
(5 wt%)/C, as shown in FIG. 2. It is apparent that other 
various methods can be used for loading the catalyst 
135 on the support 130 or the substrate 131 . 
[0028] The catalyst 1 35 loaded on the support 1 30 or 
the substrate 131 is put on the boat 150 and introduced 
in the reactor 1 00, and then the reactor 1 00 is filled with 
a heat-resistant material such as quartz wool 190 to 
block heat transmission from the inside to the outside. 
Thereafter, in step 1200 of FIG. 1 , a reactant gas is sup- 
plied into the reactor 100. The reactant gas preferably 
contains a carbon source gas. 

[0029] In step 1 300, the catalyst 1 35 is locally heated 
by irradiating microwaves on the reactor 1 00 accommo- 
dating the catalyst 135 or the catalyst powder 135'. 



Since the catalyst 1 35 is formed of a material which can 
be dielectrically heated by microwaves, the catalyst 1 35 
is heated by microwaves applied thereto, as shown in 
FIG. 2 or 3. The microwaves can be generated with 2.45 
5 GHz and 800 W power. 

[0030] Such heating can be selectively restricted to 
the catalyst 135 such that the reactant gas, the support 
1 30, the substrate 131 or the boat 1 50 supplied into the 
reactor 100 are not heated. Accordingly, the support 
10 130, the boat 150 or the substrate 131 may be formed 
of glass or polymer material such as plastic. 
[0031] As shown in FIGS. 3 and 4, carbon nanotubes 
170 are grown from the catalyst 135 by the reaction of 
the reactant gas containing a carbon source gas sup- 
's plied on the catalyst 135 that is locally heated, in step 
1 300 of FIG. 1 . Here, hydrocarbon gas such as methane 
gas, acetylene gas, propane gas or benzene can be 
used as the carbon source gas. Alternatively, a reactant 
gas in which hydrocarbon gas is mixed with hydrogen 
20 gas may be used. In addition, an inert gas can be used 
as a carrier gas. 

[0032] The result of synthesizing carbon nanotubes 
using the catalyst powder 135' of Fe (5 wt%)/C as de- 
scribed above is clearly presented in the scanning elec- 
ts tron microscope (SEM) picture of FIG. 7. 

[0033] As described above, in the case of the catalyst 
powder 135' of Fe (5 wt%)/C, both the catalyst 135 and 
the support 1 30 can be heated. However, when the cat- 
alyst 135 is loaded on the support 130 or the substrate 
30 131 formed of a material such as silicon oxide (Si0 2 ) or 
glass which is not heated by microwaves, only the cat- 
alyst 135 can be heated without heating the support 130 
or the substrate 131. In this case, hydrogen sulfide 
(H 2 S) gas may be injected as a reactant gas together 
35 with hydrocarbon gas to grow carbon nanotubes. 

Test Example 2 

[0034] Co of 10 wt% is impregnated into the support 

40 130 of Si0 2 by dissolving a Co-precursor such as Co 
(N0 3 ) 3 6H 2 0 in distilled water. The resultant thing is 
dried at about 110°C for about 24 hours and then re- 
duced at 500°C, which is obtained by increasing a tem- 
perature at a rate of 5°C/min while flowing hydrogen 

45 gas, for 3 hours, thereby obtaining the catalyst powder 
135' of Co (10 wt%)/Si0 2 . Thus-made catalyst powder 
1 35' is put on the boat 1 50 and introduced in the reactor 
1 00. Next, acetylene (C 2 H 2 ) gas and hydrogen sulfide 
(H 2 S) gas is flown in the reactor 100 at flow rates of 10 

50 ml/min and 3 ml/min to purge the reactor 1 00. Then, mi- 
crowaves are irradiated for 30 minutes. The support 1 30 
of Si0 2 is not heated by the microwaves, but the Co is 
heated by the microwaves so that carbon nanotubes are 
generated. FIG. 8 is a SEM picture showing the gener- 

55 ated carbon nanotubes. 

[0035] Instead of using a transition metal such as iron, 
cobalt or nickel as a catalyst, a compound containing 
the transition metal can be used as a catalyst and locally 



4 



7 



EP1 190 987 A1 



8 



heated by microwaves to synthesize carbon nanotubes. 
The support 130 can be formed of Si0 2 which is not 
heated by microwaves, and a sulfide of the transition 
metal can be used to generate carbon nanotubes. 

Test Example 3 

[0036] As described above, Co of 10 wt% is impreg- 
nated into the support 130 of Si0 2 by dissolving Co 
(N0 3 ) 3 6H 2 0 in distilled water. The resultant thing is 
dried at about 1 1 0°C for about 24 hours. A temperature 
is increased at a rate of 5°C/min while flowing hydrogen 
gas over the dried catalyst, and then the catalyst is re- 
duced at 500°C for 3 hours, thereby obtaining a catalyst 
of Co (1 0 wt%)/Si0 2 . Then, a temperature is increased 
at a rate of 10°C/min while flowing H 2 S(10%)/H 2 gas 
over the catalyst of Co (10 wt%)/Si0 2> and the catalyst 
of Co (10 wt%)/Si0 2 is sulfurized at 400°C for 2 hours, 
thereby obtaining a catalyst of Co (10 wt%)S x /Si0 2 . 
Thus-made catalyst is put on the boat 150 and intro- 
duced in the reactor 100. Next, only acetylene (C 2 H 2 ) 
gas is flown in the reactor 100 at a flow rate of 10 ml/ 
min for 5 minutes for reaction. FIG. 9 is a SEM picture 
showing carbon nanotubes which has been grown by 
the reaction. 

[0037] Meanwhile, also in the case of using plastic to 
form the support 1 30, carbon nanotubes can be synthe- 
sized by microwave heating. 

Test Example 4 

[0038] Cobalt black, which is substantially cobalt ox- 
ide, is mixed with a nation solution. The surface of a sub- 
strate formed of teflon is painted with the mixed result 
and dried at 1 1 0°C for a day. The dried substrate surface 
is sulfurized at 300°C for 10 hours by flowing a 10 vol- 
ume% mixed gas of H 2 S and H 2 over the substrate sur- 
face at a flow rate of 30 ml/mi n, thereby obtaining a cat- 
alyst of cobalt sulfide. Thus-made catalyst on the plastic 
substrate is inserted into the reactor. C 2 H 2 and H 2 is 
flown in the reactor at a flow rate of 1 0 ml/min:40 ml/min 
to purge the reactor, and microwaves are irradiated on 
the substrate for 30 seconds for the reaction of the cat- 
alyst. FIG. 10 is a SEM picture showing carbon nano- 
tubes which has been grown by the reaction. 
[0039] Also, when a glass substrate instead of a plas- 
tic substrate is used as a support, carbon nanotubes can 
be synthesized. 

Test Example 5 

[0040] A glass substrate is painted with cobalt napht- 
enate and dried to load the cobalt naphtenate on the 
glass substrate as a catalyst. The glass substrate load- 
ed with the cobalt naphtenate, i.e., the catalyst, is insert- 
ed into a reactor. Then, C 2 H 2 and H 2 S is flown in the 
reactor at a flow rate of 1 0 m!/mih:3 ml/min to purge the 
reactor. Next, microwaves are irradiated on the glass 



substrate for 9 minutes. Here, the glass substrate is sub- 
stantially not heated, and only the catalyst is selectively 
and locally heated, thereby synthesizing carbon nano- 
tubes. FIG. 1 1 shows a SEM picture of the synthesized 
5 carbon nanotubes. Alternatively, C 2 H 2 and H 2 S is dilut- 
ed with H 2 and flowed in the reactor at a flow rale of 10 
ml/min:3 ml/min: 117 ml/min while microwaves are be- 
ing irradiated on the substrate for 5 minutes to provoke 
the reaction of the catalyst with the C 2 H 2 , H 2 S and H 2 
gas so that carbon nanotubes can be synthesized. FIG. 
1 2 shows a SEM picture of thus-synthesized carbon na- 
notubes. 

[0041] Meanwhile, in a method of synthesizing carbon 
nanotubes according to the embodiment of the present 
invention, a catalyst can be supplied into the reactor 1 00 
in gas phase not in a powder state. For example, a cat- 
alyst precursor such as a compound such as ferrocene 
or iron pentacarbonyi containing metal atoms is vapor- 
ized by the saturator 410 of FIG. 6 or the like and sup- 
plied into the reactor 100. 

[0042] In this case, catalyst precursors or catalysts 
supplied into the reactor 1 00 are heated by a local heat- 
ing method, for example, a microwave heating method. 
The catalysts may float in the reactor 1 00. Carbon nan- 
otubes can be grown on the floating catalysts by the re- 
action of hydrocarbon or the like supplied into the reac- 
tor 100. By supplying catalysts in gas phase as de- 
scribed above, carbon nanotubes can be synthesized in 
gas phase. Accordingly, the mass production of carbon 
nanotubes can be realized. 

[0043] FIG. 13 is a schematic diagram illustrating an 
example of a carbon nanotube synthesizing apparatus 
suitable for an electromagnetic inductive heating meth- 
od used in the embodiment of the present invention. A 
carbon nanotube synthesizing apparatus as shown in 
FIG. 6 is used for irradiating microwaves to realize local 
heating proposed by the embodiment of the present in- 
vention. The local heating can be performed by an elec- 
tromagnetic inductive heating method. For example, as 
shown in FIG. 13, a carbon nanotube synthesizing ap- 
paratus including a local heater 200' which is configured 
such that a high-frequency coil 215 is provided around 
the reactor 100, and the high-frequency coil 215 is con- 
nected to a high-frequency power supply 255 can be 
proposed. High-frequency current applied to the high- 
frequency coil 215 forms an electromagnetic field 
around the high-frequency coil 215. Due to a change in 
the electromagnetic field, the catalyst 1 35 introduced in 
the reactor 100 can be selectively heated. 
[0044] FIG. 14 is a schematic diagram illustrating an 
example of a carbon nanotube synthesizing apparatus 
suitable for a laser heating method used in the embod- 
iment of the present invention. The local heating can be 
performed by a laser heating method-as shown in FIG. 
14. For example, a laser beam generator 710 is provid- 
ed near the reactor 1 00. Laser beams 750 generated by 
the laser beam generator 71 0 are focused on a lens 725 
held by a lens holder 727 so that the local heating pro- 
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posed by the embodiment of the present invention can 
be performed. In this case, the catalyst 1 35 or the cat- 
alyst powder 135' introduced in the reactor 100 can be 
selectively heated by controlling the focusing of the laser 
beams 750. 

[0045] FIG. 15 is a schematic diagram illustrating an 
example of a carbon nanotube synthesizing apparatus 
suitable for a radio frequency heating method used in 
the embodiment of the present invention. The local heat- 
ing can be performed by a radio frequency heating 
method as shown in FIG. 15. For example, a RF gener- 
ator 800 is p rovided near the reactor 1 00 . The local heat- 
ing of the embodiment of the present invention can be 
performed using RF generated by the RF generator 800. 
By using the RF, the catalyst 135 in gas phase or the 
catalyst powder 135' can be selectively heated. 
[0046] The present invention described above im- 
proves a conventional method of synthesizing carbon 
nanotubes at a high temperature range by heating an 
entire reactor. According to the present invention, car- 
bon nanotubes can be synthesized even an entire reac- 
tor is maintained at a lowertemperature. Even if the tem- 
perature of the entire reactor is maintained low, a tem- 
perature required for synthesizing carbon nanotubes 
can be obtained by a local heating method for selectively 
heating a catalyst. Accordingly, a substrate or a support 
formed of glass or polymer material such as plastic 
which cannot be used under the condition of a high tem- 
perature can be used. 

[0047] Although the invention has been described 
with reference to a particular embodiment, it will be ap- 
parent to one of ordinary skill in the art that modifications 
to the described embodiment may be made without de- 
parting from the spirit and scope of the invention. 



Claims 

1. A method of synthesizing carbon nanotubes com- 
prising the steps of: 

introducing a catalyst into a reactor; 
supplying a reactant gas containing a carbon 
source gas over the catalyst; selectively and lo- 
cally heating the catalyst in the reactor; and 
growing carbon nanotubes from the heated cat- 
alyst. 

2. A method as claimed in claim 1 wherein the catalyst 
is formed of a transition metal selected from the 
group consisting of iron, nickel and cobalt; a metal 
sulfide, metal carbide, metal oxide or metal salt of 
the transition metal; or an organic compound con- 
taining the transition metal. 

3. A method as claimed in claim 1 or 2 wherein the 
catalyst is loaded on a support by an impregnation 
method, an incipient wetness method or an ion-ex- 



change method and is supplied into the reactor in a 
powder state. 

4. A method as claimed in claim 1 or 2 wherein the 
5 catalyst to be supplied into the reactor is loaded on 

a substrate by a deposition method, a painting 
method or a spray method. 

5. A method as claimed in claim 1 wherein a metal pre- 
io cursor is loaded onto a substrate or a support and 

changed into a metal phase through reduction, cal- 
cination, sulfiding or carbonization to obtain a metal 
catalyst, and the metal catalyst is supplied into the 
reactor. 

15 

6. A method as claimed in claim 1 wherein a metal 
sulfide obtained by sulfiding a metal precursor with 
hydrogen sulfide is used as the catalyst. 

20 7. a method as claimed in claim 1 wherein the catalyst 
is supplied into the reactor in the form of a catalyst 
precursor in the gas phase. 

8. A method as claimed in claim 7 wherein the catalyst 
25 precursor is ferrocene or iron pentacarbonyl. 

9. A method as claimed in any preceding claim where- 
in the carbon source gas contains one gas selected 
from the group consisting of acetylene, methane, 

30 propane and benzene. 

1 0. A method as claimed in any preceding claim where- 
in the reactant gas further comprises hydrogen gas 
or an inert gas. 

35 

1 1 . A method as claimed in any preceding claim where- 
in the reactant gas further comprises hydrogen 
sulfide (H 2 S) gas. 

^0 12. A method as claimed in any preceding claim where- 
in the local heating of the catalyst is performed by 
irradiation with microwaves. 

1 3. A method as claimed in any of claims 1 to 1 1 where- 
45 jn the local heating of the catalyst is performed by 

electromagnetic inductive heating. 

1 4. A method as claimed in any of claims 1 to 1 1 where- 
in the local heating of the catalyst is performed by 

50 laser heating. 

15. A method as claimed in any of claims 1 to 11 where- 
in the local heating of the catalyst is performed by 
radiofrequency heating. 
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16. An apparatus for synthesizing carbon nanotubes 
comprising: 
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a reactor for receiving a catalyst; 
a reactant gas supplier for supplying a carbon 
source gas into the reactor; and 
a local heater for selectively heating the cata- 
lyst received in the reactor. 5 

17. An apparatus as claimed in claim 16 further com- 
prising a heat-resistant material provided inside or 
outside the reactor, the heat-resistant material 
blocking heat transmission from the reactor to the 10 
outside. 

18. An apparatus as claimed in claim 16 or 17 further 
comprising a catalyst gas supplier for supplying the 
catalyst into the reactor in the gas phase. 15 

19. An apparatus as claimed in claim 18 wherein the 
catalyst gas supplier comprises: 

a saturator for vaporizing a compound which is 20 
a precursor of the catalyst; ^ 
a water bath for accommodating the saturator; 
and 

a circulator connected to the water bath. 

25 

20. An apparatus as claimed in any of claims 16 to 19 
wherein the local heater comprises: 

a microwave generator for generating micro- 
waves; and 30 
a microwave guide connected to the reactor, 
the microwave guide guiding the microwaves 
to the reactor. 

21. An apparatus as claimed in any of claims 16 to 19 35 
wherein the local heater comprises: 

a high-frequency coil installed around the reac- 
tor; and 

a power supply for applying high-frequency cur- *o 
rent to the high-frequency coil. 

22. An apparatus as claimed in any of claims 16 to 19 
wherein the local heater comprises a radio frequen- 
cy generator installed near the reactor. 45 

23. An apparatus as claimed in any of claims 16 to 19 
wherein the local heater comprises: 

a laser beam generator installed near the reac- so 
tor; and 

a lens for focussing laser beams generated by 
the laser beam generator. 
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